Overexpression of copper/zinc superoxide dismutase: a novel cause of murine muscular dystrophy.
Oxidative injury underlies the cellular injury and cell death in a variety of disease states. In muscular dystrophies, evidence from in vivo and in vitro studies suggests that muscle degeneration may be secondary to an increased susceptibility to oxidative stress. To address the role of free radical metabolism in the pathogenetic process of muscular dystrophies, we examined the muscle of transgenic mice that overexpress copper/zinc (Cu/Zn) superoxide dismutase. Overexpression of this enzyme can sensitize cells to oxidative injury, and Cu/Zn superoxide dismutase activity was elevated approximately fourfold above control levels in skeletal muscle of the transgenic strain. Examination of serum creatine phosphokinase levels in these mice revealed significant elevations after 2 months of age, indicative of active muscle breakdown. By 8 months of age, there was gross atrophy of the quadriceps muscle, and other hindlimb muscles were variably affected. Histologically, there was evidence of widespread muscle necrosis and regeneration, fiber splitting, and replacement of muscle with adipose and fibrous connective tissue, typical of a muscular dystrophy. Associated with the development of this degeneration was an increase in the levels of lipid peroxidation in the muscle of Cu/Zn superoxide dismutase transgenic mice, highlighting the central role of oxidative injury in this pathogenetic process. These results demonstrate that oxidative damage can be the primary pathogenetic process underlying a muscular dystrophy.